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Unplugging Inequality: Computational Futures for Architecture
Abstract
In the 21st century, technologies like the Internet are commonly regarded as an empowering and uplifting
force. With the broad availability of low-cost distribution channels, software development tools, and rapid
prototyping machines such as 3D printers, the potential exists for nearly anyone to disrupt industries and find
success. This optimism is mirrored in architecture, where, over the last 25 years, technologies such as CAD
(Computer Aided Design), parametric design, BIM (Building Information Modeling), digital fabrication, and
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regarded	 as	 an	 empowering	 and	 uplifting	 force.2	 With	 the	
broad	 availability	 of	 low-cost	 distribution	 channels,	 software	
development	tools,	and	rapid	prototyping	machines	such	as	3D	
printers,	 the	 potential	 exists	 for	 nearly	 anyone	 to	 disrupt	
industries	 and	 find	 success.	 This	 optimism	 is	 mirrored	 in	
architecture,	where,	over	the	last	25	years,	technologies	such	as	
CAD	(Computer	Aided	Design),	parametric	design,	BIM	(Building	




and	 provide	 opportunities,	 in	 practice	 this	 is	 not	 always	 the	
case.4	 Particularly	 in	 architecture,	 access	 to	 technology	 and	
knowledge	 about	 technology	 continues	 to	 be	 unevenly	
distributed,	 which	 can	 result	 in	 the	 perpetuation	 and	
intensification	of	existing	inequalities.	This	paper	highlights	the	
issue	 of	 gender	 inequality	 with	 respect	 to	 technology	 in	
architecture.	 It	 identifies	 the	 current	 gaps	 in	 research,	 and	
proposes	a	series	of	methods	for	pursing	technological	equality	
in	 architectural	 education:	 clearly	 measuring	 inequality	 of	
technology	 distribution,	 democratizing	 access	 to	 technology,	
and	 improving	 introductory	 teaching	 of	 technology.	 What	
follows	 in	 this	 paper	 is	 the	 beginning	 of	 a	 research	 agenda	
rather	than	its	culmination.	
Technology	 is	 a	 broad	 term	 but	 used	 here	 to	 indicate	 those	
digital	 technologies	 specific	 to	 architecture.	Discussions	 about	
technology	 in	 architecture	 are	 often	 concerned	 with	 its	
potentials	 and	 hindered	 by	 a	 constructed	 polarity	 between	
manual	and	digital,	an	outdated	and	futile	fiction.5	This	focus	on	
technique	and	media	has	distracted	from	a	more	politically	and	
socially	 relevant	 dialogue	 about	 inequalities	 in	 beginning	
architectural	 education	 and	 its	 relationship	 to	 technology.		
While	many	types	of	inequality	exist	with	respect	to	technology	
and	architecture,	such	as	race	and	class,	this	paper	will	focus	on	
the	 problem	 of	 gender	 inequality.	 As	 technology	 is	 now	
essential	to	the	practice	and	discipline	of	architecture,	the	ability	
to	create	with	and	shape	technology	is	critical.		In	some	respect,	
the	 lack	 of	 women	 specializing	 in	 design	 technology	 is	
unsurprising	given	that	the	practice	combines	fields	that	have	
historically	 been	 lacking	 in	 gender	 equity:	 management,	
information	 technology,	 computer	 science,	 and	 architecture.	
The	 goal	 of	 this	 paper	 is	 to	 reveal	 this	 dimension	 of	 gender	













in	 practice	 or	 in	 academia.	 To	 successfully	 argue	 for	 gender	
equality,	detailed	and	accurate	 statistics	are	needed	 to	move	
beyond	 anecdotal	 evidence.	 The	 current	 understanding	 of	
gender	 in	 architecture	 remains	 limited,	 as	 does	 our	
understanding	of	how	women	access	and	influence	technology.	
One	reason	 for	 this	 is	 the	challenge	of	determining	whom	to	
study	and	how	to	measure.	With	regards	to	technology,	how	
should	participation	be	defined?	As	Gill	Matthewson	of	Parlour	
writes,	 “It	 is	 easy	 to	 slip	 into	 anecdote	 and	 colloquial	
understandings	 of	 gender	 discrimination	 in	 architecture
96
	and	much	more	difficult	to	parse	out	‘who	counts’.”6	
The	 field	of	 architecture	 recognizes	 its	 problems	with	 gender	
equity,	 but	 accurately	 measuring	 the	 nuances	 of	 women’s	
participation	has	remained	elusive.	The	question	of	who	is	an	
architect	 and	 the	 extent	 of	 one’s	 influence	 is	 not	 easily	
determined	 but	 is	 nevertheless	 crucial	 to	 combatting	 the	
lingering	 gender	 inequality	 in	 the	 discipline.	 For	 example,	 in	
2013,	43%	of	students	enrolled	in	NAAB-accredited	architecture	





indicated	by	 the	 ‘The	Missing	32%	Project’.10	 These	numbers	
differ	 from	 those	 of	 the	 US	 Bureau	 of	 Labor	 Statistics	 (BLS)	
which	reported	 in	2013	that	25%	of	 ‘architects,	except	naval’	




















firms,	 just	 17%	 of	 principals	 and	 partners	 are	women.13	 The	
percentages	 of	 women	 awarded	 the	 Pritzker	 Prize	 for	
Architecture	 and	 the	 Topaz	 Medallion	 for	 architectural	
education	 is	 even	 lower:	 both	 5%.14	 These	 numbers	 indicate	
further	 inequality	 in	 the	 influence	and	recognition	of	women,	
which	 is	 disproportionate	 to	 their	 representation.	 Counting	
women	 is	 an	 important	 step	 in	 acknowledging	 and	 reducing	












that	 technology	 is	 used	 in	 architecture.	 Developing	 and	
modifying	computational	software	and	systems	for	design	has	
many	 parallels	 in	 computer	 science	 research	 and	 practices.	
Indeed,	 some	 of	 the	 training	 (learning	 programming,	 for	
example)	is	the	same.	Second,	there	is	significant	data	collected	
by	 computing	 academics	 and	 professionals	 on	 the	 issue	 of	
gender	 diversity	 as	well	 as	 research	 into	how	 to	 address	 the	





the	 only	 STEM	 major	 to	 report	 declining	 representation	 of	
women	 over	 the	 last	 decade.	 This	 gender	 gap	 extends	 to	
academia	and	industry	where	research	has	found	that	70%	of	





Unlike	 the	 STEM	 fields,	 architecture	 has	 yet	 to	 acknowledge	
that	 its	 gender	 equity	 problem	 also	 extends	 to	 those	 who	
engage	with	technology.	A	reason	for	this	could	be	that	there	is	
no	 direct	 evidence	 that	 such	 a	 gap	 exists;	 it	 remains	 an	
anecdotal	 circumstance.	 One	 metric	 that	 exists	 is	 the	
representation	 of	 women	 in	 technology	 publications	 in	
architecture.	 The	 authors’	 study	 of	 the	 Association	 for	
Computer	Aided	Design	in	Architecture	(ACADIA)	papers	from	
2013-16	 found	 that	 26%	 of	 authors	 were	 women.	 (This	
percentage	is	strikingly	similar	to	that	of	STEM	computing	fields	
and	professionals.)	But	only	8%	of	papers	had	women	as	the	
first	 or	 sole	 author.	 In	 academia,	 gender	 participation	 in	
technology	 is	 more	 difficult	 to	 determine.	 At	 our	 institution,	
while	49%	of	our	architecture	students	are	women,	on	average	
they	make	up	only	19%	of	 the	 students	 in	digital	 technology	
electives	 and	 seminars.	 While	 the	 number	 of	 women	





can	 share	 a	 story	 about	women’s	work	 in	 architecture	being	
disregarded,	underpaid,	or	dismissed,	it	is	presently	much	more	
difficult	 to	 quantify	 the	 use	 of	 technology	 by	 women	 in	 the	
practice	 of	 architecture.	 In	 this	 case,	 technology	 is	 used	 as	 a	
proxy	for	power	in	the	architectural	discipline	and	by	measuring	





much	 specific	 data	 available	 for	 architectural	 technology,	 but	
research	 in	 STEM	 fields	has	 identified	 several	 possible	 causes	
which	may	parallel	those	in	design	and	which	may	have	been	
inherited	 by	 architecture	 in	 the	 transfer	 of	 knowledge	 and	
technique.	In	a	speech	given	at	the	Grace	Hopper	Celebration	of	




with	 technology	 can	 seem	 unexciting,	 but	 if	 one	 is	 actually	
making	 things	 with	 it,	 technology	 can	 be	 creative	 and	
empowering.	 Unfortunately,	 because	 they	 lack	 access	 to	
mentoring,	clubs,	courses,	etc.	many	young	women	have	not	
had	the	opportunity	to	see	for	themselves	the	opportunities	of	








which	 is	 when	 an	 individual	 fears	 that	 they	 will	 confirm	 a	
stereotype	about	a	group	to	which	they	belong.	This	has	been	
shown	to	affect	performance	and	to	 impact	decisions.	 In	 this	
manner,	negative	stereotypes	about	women’s	performance	in	
math	and	science	are	thought	to	be	a	factor	 in	the	inequality	
found	 in	computing	fields.23	A	 further	reason	reported	 is	that	
women	choose	not	to	study	technology	because	they	believe	
technology	 to	 be	 insular	 and	 antisocial.	 With	 respect	 to	
computing,	 they	 do	 not	 feel	 that	 a	 job	 in	 this	 field	 entails	
working	with	other	people	or	making	things	which	create	social	
good.24	 Another	 aspect	 of	 this	 is	 the	 male-centered	 gamer	
culture	 of	 today	 emerged	 out	 of	 early	 personal	 computing,	





subjects	and	have	the	grades	and	test	scores	 to	 join	 in	 these	
majors.26	 Furthermore,	 history	 is	 filled	with	 great	 pioneers	 of	
computing	 such	 as	 Ada	 Lovelace,	 Joan	 Clark,	 and	 Margaret	
Hamilton	who	clearly	demonstrate	women’s	capabilities	in	the	
field.	The	ability	and	potential	of	women	in	technology	are	not	
in	 question.	 The	 problems	 discouraging	 women	 from	
participating	 in	 technology	 are	 cultural	 and	 institutional.	




but	 to	 everyone.	 Too	 often,	 women	 are	 relegated	 to	 being	








past,	 this	 has	 resulted	 in	 costly	 problems	 such	 as	 voice-
recognition	 systems	 that	 do	 not	 recognize	 women’s	 voices	








that	 without	 full	 participation	 in	 the	 global	 technology	
revolution,	 women’s	 human	 rights	 could	 be	 violated.32	 The	
stakes	 for	 democratizing	 access	 are	 high.	 Digital	 design	
education	 is	 one	 site	 of	 potential	 inequality	 which	 impacts	
everything	from	why,	how,	and	what	students	are	taught	and	
has	 far	 reaching	 implications	 for	 the	 discipline	 and	 beginning	





The	 following	 are	 premised	 on	 the	 assumption	 that	 further	
research	 will	 define	 and	 scope	 the	 specifics	 of	 technological	
inequality	 in	 architecture	 and	 architectural	 education:	 how,	
what,	and	why.	The	methods	presented	here	are	built	upon	the	
supposition	 that	 these	 inequalities	 are	 human	 and	 not	
technological	 constructs	 and	 therefore	 they	 can	 be	
reconfigured	 through	 human	 intervention	 in	 technological	




Democratizing	 access	 is	 the	 core	 principle	 underlying	 the	
pedagogy	 of	 technology	 in	 beginning	 design	 at	 Iowa	 State	
University	–	the	method	behind	the	methods	in	the	following	
sections.	Simply	put,	democratizing	access	to	technology	means	
increasing	 accessibility:	 ensuring	 that	 there	 is	 equal	
representation	among	those	who	use	technology	and	reducing	
barriers	 to	 access,	 such	 as	 cost	 and	 education.33	 When	 the	





that	all	 Iowa	State	architecture	 students	–	of	all	 genders	and	
backgrounds	–	possess	digital	 literacy	early	 in	their	education.	
To	 be	 clear,	 this	 is	 not	 the	 same	 as	 computer	 literacy,	 the	
outdated	notion	 that	 students	must	know	basic	 skills	 such	as	
how	to	turn	on	a	computer	or	how	to	type.	 It	 is	also	not	the	
same	as	merely	knowing	how	to	use	a	set	of	software	programs	
–	Adobe	Suite,	AutoCAD,	and	 the	 like	 (although	our	 students	
also	 learn	 this).	 In	 the	curriculum,	digital	 literacy	 is	 the	critical	




drawings	 and	 models	 are	 represented	 as	 data	 and	 symbol	
systems	 and	 computing	 ‘powers’	 like	 dependencies	 and	
automation.	 These	 are	 critical	 ideas	 for	 working	 productively	
and	 creatively	 with	 digital	 media	 which	 are	 not	 intuitive	 nor	
apparent	from	the	superficial	characteristics	of	tools	and	so	are	
often	 not	 discovered	 by	 ‘digital	 natives.’	 Furthermore,	 the	
authors	 teach	good	 technology	habits:	 ‘soft	 skills’	 for	working	




it	 is	 important	 for	 everyone,	 not	 only	 important	 for	 some	
students.		
Teaching	 digital	 literacy	 is	 necessary	 because	 students	 arrive	
with	 different	 levels	 of	 exposure	 to	 and	 comfort	 towards	
computing	and	other	technologies.	 In	architectural	education,	
these	 inequalities	 can	 manifest	 as	 unequal	 learning	 and	
engagement	 when	 students	 are	 told	 to	 learn	 or	 use,	 for	
example,	a	new	piece	of	software.	Furthermore,	as	mentioned	
earlier,	 stereotypes	 about	 women	 in	 math	 and	 science	 can	
affect	their	level	of	engagement.	Ensuring	that	all	students	are	
exposed	 to	 technology	 can	 help.	 Establishing	 a	 common	
introduction	 for	 all	 of	 our	 students,	 particularly	 one	 that	
approaches	 technology	differently	 than	even	 the	experienced	
students	expect,	helps	to	correct	some	of	the	inherited	biases	
that	 students	might	 have	 about	 themselves	 and	 about	 each	
other.		
At	the	same	time,	the	introductory	course	uses	a	combination	
of	 online	 tutorials,	 peer	 learning,	 and	 peer	 programming	 to	
create	 a	more	 social	 environment	 where	 students	 can	 learn	
digital	and	computational	design.	Online	tutorials	help	students	
to	learn	at	their	own	pace	instead	of	in	a	lab	where	they	might	
be	 embarrassed	 about	 stopping	 class	 to	 ask	 a	 question	 or	
having	other	 students	 look	over	 their	 shoulders.	The	 tutorials	
help	 students	 to	 self-remediate	 and	 mitigate	 some	 of	 the	
stratification	of	higher	aptitude	and	novice	students.	Students	
work	on	small	projects	in	peer	teams.	These	are	small	groups	--	
usually	 only	 two	 or	 three	 students	 --	 who	 self-select.	 The	
advantage	of	peer	teams	is	that	they	tend	to	align	with	gender;	
studies	show	that	women	often	prefer	 to	work	 together	and	
when	 they	work	with	other	women,	 they	are	often	 less	 self-
conscious	 about	 asking	 questions	 and	 asserting	 technical	
knowledge.35	 In	 their	 teams,	 students	 complete	 their	
assignments	using	peer	programming,	which	is	a	practice	where	













same	 way,	 but	 rather	 to	 help	 ensure	 that	 students’	
preconceptions	 about	 their	 abilities	 and	 interests	 do	 not	
interfere	 with	 their	 potential	 for	 creating	 and	 creating	 with	
technology.	 It	 is	 this	 kind	 of	 equality	 the	 authors’	 pedagogy	
pursues.	Digital	literacy,	like	‘book’	literacy,	is	not	a	goal	in	and	of	




Another	 form	 of	 democratizing	 access	 is	 to	 ensure	 that	
computation	 is	 introduced	 to	 students	 early	 and	 integrated	
throughout	the	curriculum.	In	contrast	to	computerization	(i.e.	
using	 the	 computer	 to	 perform	 tasks,	 such	 as	 drafting;	 the	
majority	 of	 computing	 courses	 teach	 computerization),	
computation	 involves	 the	 authorship	 of	 instructions	 for	 the	
computer	 to	 perform.	 This	 is	 the	 basis	 of	 parametric	 design,	
generative	 scripting,	 and	 other	 developing	 technologies.	 In	









edge	 of	 design	 and	widely	 seen	 as	 its	 future.	 Computational	








representation	of	women	 in	 them	 is	often	 low	–	even	 lower	









digital	 technology	 seminars	 improved	by	15%.	At	 the	 time	of	




digital	 fabrication	 are	 integrated	 into	 a	 required	 design-build	
project	in	the	second-year	studio.	All	beginning	design	students	
in	 the	 program,	 regardless	 of	 background,	 now	 experience	
writing	 code,	 operating	 tools,	 and	 using	 digital	 fabrication	
equipment	 and	 experience	 its	 connection	 to	 construction.	








in	Computer	Science	by	offering	all	 female	 students	 research	
opportunities	 after	 their	 first	 year	 in	 college.39	 This	 had	 the	
effect	of	helping	connect	students	with	significant	issues	within	
the	 field	 and	 contributing	 to	 projects	 with	 meaningful	
outcomes.	Providing	research	opportunities	is	one	way	to	help	
students	 appreciate	 the	 relevance	 of	what	 they	 are	 studying	
and	encourage	them	to	enter	into	the	field.	ISU	aims	to	repeat	
the	 successes	 of	 Harvey	 Mudd.	 Beginning	 by	 creating	 an	
institutional	 and	 conceptual	 space	 for	 this	 work:	 the	 ISU	
Computation	+	Construction	Lab	(CCL)	which	was	co-founded	
by	 the	 authors	 and	 creates	 from	 the	 existing	 framework	 of	
design-build	 and	 digital	 fabrication	 a	 new	 framework	 of	
computation	 and	 construction.	 By	 linking	 computation	 to	
construction	 this	 pedagogic	 shift	 harnesses	 advances	 in	
computation	as	tools	for	improving	construction	(robotics,	CNC)	
rather	than	as	tools	of	representation	(renderings,	models).	
At	 the	CCL,	 the	authors	attempt	 to	bridge	 the	gender	gap	 in	
technology	 by	 actively	 recruiting	 female	 students	 to	
undergraduate	and	graduate	research	positions	within	the	Lab	
and	by	providing	projects	with	tangible	outcomes	that	engage	
the	 intersection	 of	 computing,	 building,	 and	 outreach.	 As	 a	
conscious	attempt	to	normalize	technology	in	the	program,	the	




assistants	 are	 women	 (49%	 of	 CCL	 students,	 overall,	 are	














To	 receive	 peer	 feedback	on	 the	 success	 of	 these	pedagogic	
shifts	 the	 authors	 are	 hosting	 a	 Computational	 Foundations	
Colloquium	 in	 Spring	 2017	 as	 a	 means	 for	 exchanging	
information	 and	 establishing	 terms	 of	 evaluation	 for	 what	
constitutes	a	rigorous	computational	foundation	curriculum	in	
architecture.	One	of	 the	 topics	of	 this	 colloquium	will	 be	 the	




people,	 its	 benefits	 are	 not	 always	 evenly	 shared.	 Despite	
appearances,	access	to	advanced	design	technologies	such	as	
computational	 design	 and	 digital	 fabrication	 in	 architectural	




economy.	 This	 paper	 searches	 for	 methods	 to	 define	 these	
inequalities,	 with	 an	 emphasis	 on	 gender	 inequality,	 and	
proposes	ways	 to	democratize	access	 to	new	technologies	 in	
beginning	 design	 so	 that	 the	 technology	 in	 architecture	
becomes	more	diverse	and	the	gender	divide	is	lessened.	
An	 agenda	 for	 ‘unplugging’	 inequality	 begins	 here.	 First,	







an	 individual	 to	 be	 empowered	 in	 ways	 that	 are	 not	 pre-
ordained	 by	 an	 institution	 –	 the	 state,	 the	 university,	 the	
discipline	–	and	as	such	creates	space	for	a	multiplicity	of	voices	
to	resonate	within	the	architectural	profession.	Technology	can	
help	 produce	 equality,	 but	 only	 if	 access	 and	 participation	 in	
technology	 are	 equal.	 At	 the	 moment,	 technology	 is	 re-
entrenching	 existing	 hierarchies,	 but	 this	 can	 be	 corrected.	
Through	awareness	and	conscious	effort,	human	constructs	can	
be	 undone	 and	 retooled	 to	 produce	 greater	 equality	 in	
education	and,	consequently,	the	built	environment.	 
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